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INTRODUCTION. 
It is important to obtain knowledge of the mechanism of maltose 
fermentation by the diphtheria bacillus since the test for acid produc- 
tion from this sugar is one of the means employed in distinguishing the 
true etiologic agent of diphtheria from certain other morphologically 
similar  but  non-pathogenic  bacilli.  Previous  demonstrations  (1-6) 
of the  carbohydrate-hydrolyzing enzymes of pneumococci, meningo- 
cocci, botulinus and Welch bacilli (1-6) have proved that the activity 
of these enzymes is independent of the presence of the living or formed 
bacterial cell, and at the same time have furnished indirect evidence 
that  these  particular  bacteria  do  not  attack  higher  carbohydrates 
without preliminary hydrolysis.  However,  since different species of 
bacteria may form entirely different products from the fermentation 
of the same sugar (4), it is desirable to obtain experimental evidence 
of the carbohydrate-hydrolyzing enzymes of important species of bac- 
teria rather than to assume their presence from the simple observation 
of acid or gas production by living cultures. 
In the present investigation, experiments were made to determine 
whether  or  not  sterile  solutions  of  the  intracellular  substances  of 
diphtheria bacilli possess the property of hydrolyzing maltose.  The 
bacterial solutions were filtered through Berkefeld candles after physi- 
cal disintegration of the bacilli by repeated freezing and thawing, and 
hence  were  devoid  of  cell  fragments  as  well  as  free  from  living 
bacteria. 
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EXPERIMENTAL. 
Methods. 
Preparation of Diphtheria Bacillus Enzyme Solutions.--The  enzyme  solution 
was prepared from a  virulent and recently isolated strain of diphtheria bacilli. 
The procedure was essentially the same as that employed in the preparation of 
solutions  of  other  bacteria  (meningococci,  pneumococci,  Welch  and  botulinus 
bacilli) reported in previous papers of this series (3-6). 
6  liters of an  18 hour broth culture were centrifuged, and concentrated sus- 
pensions  of  the  bacilli were  prepared  by  resuspending  the  bacterial sediment 
from each 250  cc.  of culture in a  volume of approximately 5  cc.  Preliminary 
experiments  proved  that  diphtheria  bacilli were  much  more  resistant  to  dis- 
integration by freezing and thawing than were any of the different bacteria from 
which enzyme solutions had been prepared in the previous studies.  In view of 
the difficulty of breaking up  the bacilli, an attempt was made to facilitate the 
process by suspending the bacteria in concentrated salt solution.  The bacterial 
suspension was divided into three portions, and the different lots were frozen and 
thawed under the following conditions:  (1)  bacilli suspended in the broth super- 
natant of the original culture, (2) bacilli suspended in the broth supernatant plus 
10 per cent NaC1, (3) bacilli suspended in 10 per cent salt solution without broth. 
It was necessary to continue the freezing and thawing over a long period but after 
the process had been repeated between 300 and 400 times, stained films revealed 
a  considerable degree  of  morphological disintegration and  a  large  amount  of 
amorphous,  Gram-negative, bacterial substance.  Samples of  the  suspension of 
disintegrated bacilli were  then  centrifuged at high  speed and  the  supernatant 
tested for dissolved bacterial protein by boiling, in order to avoid the danger of 
filtering the solution before sufficient bacterial dissolution had occurred.  When 
the  tests of the  supernatant fluids showed  the presence of coagulable protein, 
the entire lot of the bacterial suspension was centrifuged at high speed for 1 hour 
to remove most of the undissolved bacterial cells and  detritus before filtering; 
the centrifuged supernatants were then passed through a  sterile Berkefeld filter. 
The filtered bacterial solutions were perfectly clear and were indistinguishable 
in appearance from the medium in which the bacilli had originally been suspended 
(broth and salt solution, respectively).  The presence of a  considerable amount 
of dissolved bacterial protein derived from  the  disintegrated diphtheria bacilli 
was indicated by the heavy precipitation of coagulated protein when  the  solu- 
tions were boiled.  So far as could be detected either by this test or by micro- 
scopic examination of the stained films, the addition of 10 per cent salt did not 
facilitate the disrupture of the bacillary bodies.  But the boiling test showed that 
the solutions prepared from the bacteria suspended in broth contained more dis- 
solved protein than did the solution prepared from the bacteria suspended in salt 
solution alone.  Apparently,  the  presence  of  broth  either  facilitates  the  dis- 
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soluble,  for it has been our experience with other bacteria (4-6)  that the most 
active and potent preparations are obtained when broth is used as the suspension 
medium. 
Sterility Controls.--No antiseptics  were  used;  the  sterility of each  enzyme- 
substrate mixture was controlled by cultural methods. 
Substrates.--20 per cent solutions of the test sugars were boiled for 20 minutes, 
and then added aseptically to sterile 0.1 ~ phosphate solution (pI-i 6.9) in amount 
sufficient to give a final concentration of 4.0 per cent.  The final sugar solutions 
were distributed into sterile Pyrex tubes for use in the enzyme experiments. 
Test  of Disaccharide-Hydrolyzing  Activity  of Sterile  Solutions 
of Diphtheria Bacterial Substances. 
Living cultures of the  strain  from which  the  sterile bacterial  solu- 
tion  was prepared,  possessed  the  usual  (7)  carbohydrate-fermenting 
properties of diphtheria  bacilli,  fermenting the  common hexoses  and 
maltose,  but  not  forming  detectable  amounts  of  acid  from  either 
sucrose or lactose.  In the  following experiment,  tests were made to 
determine whether or not the sterile solution prepared from the intra- 
cellular substances of the diphtheria bacilli possessed the property of 
hydrolyzing maltose.  Tests were included with sucrose as represent- 
ing a  disaccharide not fermented by living diphtheria bacilli and also 
with  lactose  as  representing  a  disaccharide  which  sometimes  gives 
equivocal results in fermentation tests with some strains of  the living 
bacilli  (7).  Since  living  cultures  of  diphtheria  bacilli  produce  acid 
from glucose and from the other hexoses yielded in the  hydrolysis of 
the  disaccharides,  tests were  also made to  determine whether or not 
the sterile enzyme solution  possessed  the  property  of  acid  formation 
from hexoses. 
Hydrolysis Mixtures.--2  cc. portions of sterile,  4 per cent solutions of maltose, 
lactose and sucrose  were distributed into three series of sterile Pyrex test-tubes, 
and 1.0 cc. of the sterile diphtheria bacterial solution was added to one tube of each 
of the substrates.  A second series was prepared to serve as controls of the heat 
lability of the hydrolyzing enzymes by adding the same amount of heat-inacti- 
vated (boiled)  bacterial extract to each substrate.  All of the mixtures were in- 
cubated at 37°C.  for 72 hours and then tested for the presence of hexoses. 
Detection of the Hexose Products of the Enzyme Action.--The  sucrose  series 
were  tested  for  reducing  sugars  with  Benedict's  solution.  The  lactose  and 
maltose hydrolysis mixtures (where the substrates themselves are reducing sugars) 
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papers.  The method  is based upon the  acid fermentation of  the  hexoses  by 
bacteria  which  do  not ferment  the  disaccharide  from  which  the  hexoses  are 
derived.  1 cc. of each of the test, and of the control hydrolysis mixtures, was 
put into a series of sterile Pyrex test-tubes; 1 cc. of a suspension of bacteria which 
produce acid from hexoses  but which do not attack  the  test disaccharide was 
then added to the different tubes.  (An atypical strain of colon bacilli which does 
not attack maltose was added to the maltose tests; typhoid bacilli which do not 
attack  lactose or sucrose were used for the lactose and sucrose tests.) 
TABLE  I. 
Action ~  Diphtheria Baci~us Enzyme So~tion upon Maltose,  Lactose and Sucrose. 
Action  of 
diphtheria 
bacillus  Disaccharlde hydrolysis  by diphtheria  bacillus  enzymes  enzymes on 
hexose 
. products 
Maltose 
Sucrose 
Lactose 
Hydrolysis mixture 
Active diphtheria bacterial solution 
Heat-inactivated bacterial solution 
Active diphtheria bacterial solution 
Heat-inactivated bacterial solution 
Active diphtheria bacterial solution 
Heat-inactivated bacterial solution 
t~ 
t~ ~'~ 
6.5 
7.6 
7.6 
7.6 
7.6 
7.6 
~ "~ .~ ~ ~ 
~  ~ .~.~ 
r~ 
ApH* 
1.1 
0.0 
0.0 
0.0 
0.0 
0.0 
o~ 
e~ 
* ApH indicates change (decrease)  in pH. 
The "fermentatio~ mixtures" (equal portions of hydrolysis test mixture plus 
the bacterial-fermenting  agent) were shaken, incubated in the water bath at 37°C. 
for1½ hours and then centrifuged at high speed to remove the bacteria.  Color- 
imetric determinations of the pH of the clear supernatant fluids were made  to 
detect the production of acid.  That the changes in reaction of the fermentation 
mixtures were limited to the acid produced from the hexoses  previously formed 
by  the  active  diphtheria  bacillus enzyme was  controlled by the  tests  on  the 
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Experiments were made with the three different lots of diphtheria  bacterial 
solution (i.e.  solutions prepared from the bacilli suspended in broth alone, from 
bacilli suspended in broth plus 10 per cent NaC1 and from bacilli suspended in 
10 per cent NaC1 without broth).  Only quantitative  differences  were obtained 
in the experiments with the different types of bacterial solution, and the results 
from the tests with the enzyme solution prepared from the bacilli suspended in 
broth alone are summarized in Table I. 
The results of these experiments (Table I) show that the sterile solu- 
tion of the diphtheria bacterial substances contained an active maltase 
which is heat-labile.  In contrast to the results in the tests of the mal- 
tose-enzyme mixtures, no acid was formed by the hexose-fermenting 
bacteria when added to the previously incubated mixtures of diphtheria 
bacillus enzymes and lactose or sucrose solution; this fact is evidence 
that the sterile bacterial solution contained only maltase and no lac- 
tase or sucrase.  Thus, the carbohydrate-hydrolyzing activity of the 
solution  prepared  from the  cellular substances  of diphtheria  bacilli 
is parallel to the fermenting activity of cultures of the living bacteria, 
maltose being the only disaccharide hydrolyzed by the bacterial solu- 
tion just as maltose is the only disaccharide from which living diph- 
theria bacilli can produce acid.  These results indicate that the acid 
fermentation of higher carbohydrates by diphtheria bacilli  depends 
upon the presence of a hydrolyzing enzyme to split the specific carbo- 
hydrate to hexose constituents. 
It is also shown in Table I that the diphtheria bacillus enzyme solu- 
tion which hydrolyzes maltose, is devoid of the property of forming 
acid from the hexose products of hydrolysis.  Living diphtheria bac- 
teria actively ferment glucose and the failure of the sterile bacterial 
solution to possess the acid-forming property of the living bacilli is 
in contrast to its retention of the original carbohydrate-hydrolyzing 
activity of the living bacteria.  The retention of the carbohydrate- 
hydrolyzing activity by sterile solutions of the bacterial substances 
of diphtheria bacilli  and the loss of the hexose-fermenting activity, 
is the same phenomenon which has been evident in the similar studies 
of  pneumococci,  meningococci,  Welch  and  botulinus  bacilli  (3-6). 
While  the  activity of the hydrolyzing enzymes is  apparently quite 
independent of the presence of the living or formed bacterial cell, the 
production of acid from hexoses seems to  be more intimately asso- 
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Endocellular Nature of the Maltase of the Diphtheria Bacillus. 
The previous demonstration of the diphtheria bacillus maltase was 
made with  solutions  of the  bacterial  substances  prepared  from the 
bacilli suspended in salt solution alone, as well as with solutions pre- 
pared from bacilli suspended in the supernatant fluid of broth cultures. 
Since the bacterial extracts prepared from  the  bacilli  suspended in 
salt solution contained none of the exocellular substances liberated in 
the culture medium during growth, the presence of an active maltase 
in this type of bacterial solution is in itself evidence that the maltase 
is an intracellular derivative of the diphtheria bacillus.  In order to 
show more definitely that the maltase is not also an exocellular prod- 
uct set free during growth of the bacilli, comparative tests were made 
of the maltose-hydrolyzing activity of filtrates of broth cultures and of 
solutions of the intracellular substances. 
These tests were made by the same procedure as described for the 
previous experiment.  The results showed that while the solution of 
intracellular substances of the bacilli hydrolyzed maltose, the filtrate 
of the young broth culture which contained only extracellular products 
was  devoid  of maltose-hydrolyzing activity.  Thus,  the  maltase  of 
the diphtheria bacillus is an endocellular constituent of the diphtheria 
bacillus, agreeing in respect to its intracellular nature with the carbo- 
hydrate-hydrolyzing  enzymes of meningococci, pneumococci, botulinus 
and Welch bacilli (1-6). 
COMMENT. 
The  preceding  experiments  have  demonstrated  that  diphtheria 
bacilli possess a maltose-splitting enzyme which remains operative in 
sterile, filtered solutions of the intracellular substances which can be 
liberated by physical disintegration of the bacterial cells.  Since it is 
of endocellular origin, the maltase represents a heat-labile constituent 
of the diphtheria bacillus cell.  The demonstration of the active mal- 
tose-hydrolyzing enzyme is  of interest from two  different points  of 
view. 
First, experimental proof of the maltase adds to the knowledge of 
the mechanism of carbohydrate fermentation by the diphtheria bacil- 
lus.  The fact that the sterile bacterial solution contains a maltase but j.  Y.  SUGG,  W.  L.  FLEMING,  AND  J.  M.  NEILL  915 
no lactase nor sucrase is in  agreement with the fact that  the living 
bacilli ferment maltose but no other disaccharide, and indicates that the 
production of acid from disaccharides by diphtheria  bacilli  depends 
upon the possession of a hydrolase to split the specific disaccharide to 
its fermentable hexose constituents.  Living diphtheria bacilli actively 
ferment glucose but  the sterile bacterial solution although it hydro- 
lyzes maltose is devoid of the property of forming acid from the glucose 
products.  These relations  are analogous to  those previously found 
(1-6)  with pneumococci, meningococci, Welch and  3otulinus  bacilli, 
and indicate that the fermentation of maltose by the living diphtheria 
bacillus  involves two  separate  sets  of reactions:  (1)  hydrolysis,  (2) 
fermentation of, or acid production from, the hexose products; only 
the first reaction being independent of the presence of the living or 
formed bacterial cell. 
Maltase is one of the most labile of the known constituents of bac- 
terial cells and would be inactivated if drastic methods were employed 
to disintegrate the cells.  Hence the fact that maltase can be obtained 
in an active state in the sterile solutions of the intracellular substances 
of diphtheria bacilli is  also of interest as proof of the possibility of 
preparing  solutions  or  extracts  of  the  endocellular  constituents  of 
these bacteria without loss of their original activity.  In the prepara- 
tion of the sterile solutions of diphtheria bacilli reported in this paper 
the bacterial  cells were disrupted  simply by repeated  freezing and 
thawing, which would be expected to yield the intracellular substances 
in more nearly the original condition in which they exist in  the living 
bacilli  than  in  preparations  obtained  by  dissolving  the  bacteria  in 
alkali.  However, in order to  obtain  active  preparations  containing 
the  desired amount of  dissolved  bacterial  substance  (protein)  it  is 
necessary to repeat the freezing and thawing process 300 to 400  times, 
since diphtheria bacilli are much more resistant to disintegration by 
freezing and thawing than are the bacteria studied in previous inves- 
tigations (1-6).  Xerosis bacilli are even more resistant to this treat- 
ment than are diphtheria bacilli, and we have been unable to obtain 
satisfactory  solutions  of  their  intracellular  substances  by  freezing 
and thawing suspensions of these bacteria.  The diphtheria bacillus 
solutions contain sufficient dissolved bacterial protein to be used in 
immunological studies,  and are being employed for that  purpose  in 
investigations to be reported in later papers. 916  BACTERIAL ENZYMES.  VI 
Sl.~vr~¢  A_Ry. 
Diphtheria bacilli possess  a  heat-labile, endocellular maltase, which 
retains its activity in  sterile  solutions  of the intracellular  substances 
which are liberated by physical disintegration  of  the bacterial cells. 
The proof of  the  rnaltase  activity and  the  detection of  the  hexose 
products  constitute experimental evidence that  the  living diphtheria 
bacillus attacks maltose by way of a preliminary hydrolysis. 
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